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ABSTRACT

(Beores)

ﬁ Mercury-Atlas flight (AMR Test 1254) launched at 1l4:04:162, Sept. 9, 1961
was detected in th» launch phase by the NRL Chesapeske Bay Annex Madre radar.
The transmitter frequency was 13.7 Mc and its average power was 100 kw. The
mtary antenns used had a gain of about 12 db.

The type of signature obtained demonstrated the capability of an “over-
the-borizon* radar to measure range and range rate of the missile and its
exhaust boundary. The characteristics of the signals detected suggest that
information on target identification and trajectory can be extracted.
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3 PROELEM STATUS
i This is an interim report on one phase cf the problem; work is continuing
44! on this and other phases.
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A MADRE ICBM DETECTION
(UNCLASSIFIED TITLE)
SOME TRAJECTORY PARAMETER DETERMINATIONS WHEN EMPLOYING ITWOSPHERIC
REFRACTION
TSEECRER-

i 35 ks oo PSRRI
o AL

AMR test 1254, launched at 14:04:162, Sept. 9, 1961, gave the first
opportunity for observing an ICEM during launch phase with the NRL Chesapeake
Bay Annex Madre installation. This test was a Mercury-Atlas flight following
a direction slightly north of east (72°T) from AMR and employing a long,
nearly horizontal path in the lower F region. The Madre recording and
measurement capabilities at test time were incomplete; however, the data
taken showed definite promise for determining relative range and velocity
during the last two minutes of burn time (T+174 sec to T+300 sec). Due to
propagation conditions the missile region was not well illuminated at
esrlier times.

RN e e

The radar was a coherent MTI hf system using matched filters, average
pover was 100 kw, antenna gain about 12 db, and the nominal operating
frequency was 13.7 Mc.

An over-the-horizon radar using ionospheric refraction illuminates a
large area of the earth. These earth returns (backscatter) are overwhelming
when compared with many targets of interest; therefore, early in the
receiving system is placed a set of rejection filters matched to the usual
clutter that is the earth's backscatter. The received signals are converted
to a zero or nearly zero i-f and then sampled. The samples are set as
magnetically recorded signals on a drum and continuously read out of the
drum storage. This processing gives time compressicn in a ratio of about.
33000:1, with the previous 20 seconds of information stored and always
available for analysis. In the case of AMR test 125k, the real-time
analysis was of frequency spectrum versus range, with a resolution of one-
third cycle per second. Thus the processing is similar to that of a bank
of filters matched to targets whose doppler varies less than one-third
cycle per second in 20 seconds. This type of analysis did not optimize
signal-to-noise ratio for the missile track observed.

it

i
LA ET

In Table 1 some of the pertinent parameters of the flight are given.
These were computed with the aid of postflight range data and an assumed
300-km mirror-like ionosphere. In Fig. 1 some of these data are plotted.
This plot is of the missile trajectory in the vertical planes containing
the radar site and the missile position. The nvmbers along the dashed
missile track give the approximate time in seconds after zero time. The
approximate 1imiting upper and lower rays by which backscatter was received

R are sketched on the plot; these rays correspond to slant ranges between 800
and 1200 naut mi. This diagram indicates that the missile entered the
illuminated region at about 150 sec., skirted along the lower edge until
280 sec., the time of nearest aprroach, and then receded in the illuminated
region.
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In Fig. 28, 2b, and 2c¢, Madre display pictures are given for times run-
ning from zere time plus 60 sec. through plus 350 sec. The horizontal sweep
covers 5555 upsec, or 450 naut mi. The vertical strobe is located at 200
nasut mi for the first 450 naut mi, 650 naut mi for the second 450 naut mi,
etc. The vertical ordinate displays 90 cps of doppler frequency, with
zero doppler at about midscale and indicated by a heavy, once-broken, hori-
zontal strobe line. Other horizontal lines indicate (undesired) cw signals
that have been recorded. Approach dopplers are above the zero line and
recede below. For this test it was decided to operate with a 320-usec
pulse length and a 180-per-second pulse rate. Therefore, successive 450-
raut-mi range intervals are overlaid on the display, and the indicated
dopplers fold back when greater than 45 cps. Some such compromise between
range interval and unambiguous doppler must be made unless a more sophis-
ticated system is used.

At the time of AMR 125k, the magnetic-tape recording system for the
Madre analysis data was inoperative, and the pictures of Fig. 2 were taken
at the time of the test. Arologles are made for the cluttered appearance
of the displays. A desire to miss nothing resulted in record, playback,
and display levels being initially set rather high. Observer concentration,
sdmiration, and marveling at the tremendous returns from the missile and
trajl allowed no time for readjustment during the test., In this series of
display pictures the computed missile slant range and doppler are plo%ved
(starting at T+154) as large dotted line crosses. The multitude of targets
to the left of the vertical line are local alrcraft targets (less than
200 naut mi) plus their harmonics (due to high levels employed); the
doppler targets close to zero at all ranges are for the most part echoes
from meteor trails.

Study of the displays suggests that missile returns are seen inter-
mittently starting prior to T+100. However, the large indications of the
missile effect start at about T+1T70, the last picture of Fig. 2a, as the
start of a smear in the recede doppler half at about 660 naut mi. This
smear varies in position with time spproximately as does the computed
missile position. That is, initially as the smear decreases in doppler
frequency so does the computed missile position and similarly when the
smear increases. Moreover the same statement applies to the respective
ranges. The high record level coupled with displey of the past 20 sec. of
information makes the pilctures a bit confusing; however, it can be seen
that ranges and range rates go through gyrations similar to those computed
for the missile with an idealized ionosphere. All big returns fade shortly
after burnout at about 300 sec.

Attention 1s invited to the returns, starting at T+231 sec. and con-
tinuing thereafter, with small recede dopplers and indicated L0O to 450
naut mi range (probably at 850 to 900 naut mi); this patch is probably
earth's backscatter that came around the rejection filters due to missile-
induced flutter in the ionosphere.
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In addition to the pictorial record of the Madre primary analysis
display, a magnetic-tape record of a clutter-filterad zero-frequency i-f
was made. This record was spectrum analyzed with a Kay Missilizer
(approximately 2-cps bandwidth) and a range gate approximately 30 miles
wide. The results with the gate centered on 620 naut mi are given in
Fig. 3a and 3b. Here doppler frequency is given on the vertical, time
after zero on the horizontal, and demsity roughly proportional to.inten-
sity. The spectrograph was allowed to scan through 360 cps, and tuere-
fore the 90-cps available doppler range is plotted against zero frequency,
both sides of the repetition frequency 180 cps, and against 360 cps. The
computed folded doppler as given in Table 1 is plotted against zero as a
dotted line. This dotted line can readily be compered with the 90-cps
range above 180 cps, in addition to the data it overlays.
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It is felt that lov-level missile returns are in evidence even

before 150 sec; however, the big missile effect is first noted at 173 3
sec., and although the doppler is diffused in frequencies there is a E
clear intensification around the computed doppler. There is a fading in
level until 210 sec. when a rather sudden intensity increase starts.

The frequencies at winich the most intense signals occurred follow the
computed doppler until the signal level and frequency diffusion have
increased so that no predominant freguency can be picked at 255 sec.
From about 280 sec. to burnout, near 300 sec., the frequencies of great-
est intensity can be seen to correspond to the computed doppler. A

y search for times after burnout revealed no returns that could be defi-

£ nitely attributed to the missile. ,
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The large missile echoes, descrided here, are almost certainly
ret ‘vns from a gradient in the charge density caused by the rocket
exl .«8t. In past observations with the low-powered Madre and preceding
Music radar, similar returns have been noted from the missile regions.
In these past cases, due to operating-frequency restrictions, only the
upper F layer was illuminated, and the returns were rather short iived
and of small amplitude. It was not possible to establish whether range
rate or doppler informstion could be extracted in these earlier tests.
The test 1254 results are very encoursging, since the big returns from
the missile region have recognizeble doppler components that correspond
to the missile relative velocity, and the change in slant range corres-
ponds to that for the missile itself. The evidence is good that the
missile was detected for some time prior to the large-amplitude returns,
even though it must have been poorly illuminated. Attention is invited
to the fact that the signals displayed in Figs. 2 and 3 were initially
immersed in the earth's backscatter, plus strong multichammel teletype
interference. The only thing critical about frequency selection and
consequent propagation path is that the target be 1lluminsted.
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It is not possible to give a good reflecting cross-section esti-
mate for the target of test 1254, Some uncertainties about the vertical
antemna pettern and the absence of a suitable reference level discourage
estimation of echoing area; however, the big echoes were from & huge
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target. These echoes certainly are of the same nature 2s the excellent
exemples that ACF and NATC have reported, in which earth's backscatter waa
arranged to start at a slightly greater range than the wmissile trajectory.

The observations made on test 1254 give some indications of very
early detection of a missile launch. It was demonstrated that the large
reflecting ares that accompanies the burning rocket in the F region con-
tains significant and recognizable characteristics that allow relaotive
range rate and range to be measured simultaneously cver the horizonm.
This is encouraging, since the NRL objective is not restricted to detection

but is aimed also to include target recognition and trajectory determination.
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Table 1

B T A

Calculated Flight Parameters

Doppler | Doppler | Doppler | Slant Range | Grourd | Altitude 3
true folded | Madre | - | Range )
3 (cps) (cps) | indicated] (naut| (km) | (naut (lam) £
3 (cps) ) m) 3
157a 23 23r 670 | 1250 | 1130 81 2
= 156a 25 25r 667 | 1230 | 1110 98 #
4 153a 27 27r 658 | 1220 | 1100 107 3
- 1508 30 30r 6ig | 1200 [ 2080 | 116 3
b 1i6a 3k 3k4r 640 | 1190 | 1070 124 E
e 1ka 39 39r 631 | 1170 | 1050 131 3
- FEUS L€ by 623 | 1150 | 1030 137 5
. 13ée 5k 36r 615 | ko | 1020 | 143 3
2t 1158 65 25r 608 | 1130 | 1010 148 =
101a 79 ir 6oL |130| 990 | 13 |
E 8ha gh 6. 596 | 1100 | 980 | 155 2
= 63a 62 27a 591 | 1100 680 157 2
7 368 35 36a 588 | 1090 | 970 159 3
2a 2 2a 587 | 1090 970 160 2
= Lor 40 kor 588 | 1090 | 970 160 E
87r 87 3r 591 | 1100 980 160 §
1i32r 48 L2a 599 | 1110 990 160 .
- 174 6 6a 608 | 1130 | 1010 160 Z
330 21hr 34 3k 619 | 1150 | 1030 159 2
5 340 251r T 19r 633 | 1170 | 1050 159 z
350 261r 81 9r 650 | 1200 § 1080 159 §
£ u ®
= Note: The letter "a" refers to advancing targets; the < =tter "r" %
& to receding vargets. 3
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Fig. 3a - Missilyzer Analysis of Clutter-Filtered
Zero-Frequency I-F (150 to 250 sec)

Notest Dotted line represents computed wmissile frequency. Data repeats every
180 cps, starting at 0 cps. Moreover data folds over at 90 and hence also at

270 cps.

4 SECRET 10

- et e 3 e . o ra LR ] Eﬁ?'_‘?{i"ﬁliﬁ“ - oy = e B e v ez g o et oy -

i

i fpried

2 S LU,

"
]

e,

At pedana »

o

&

g
S

., "L

i
)

s

b

),

A T T

i

AT

AR et

v
Pt

s

AR

g
1%

B A ot




B R e L T R

st t s

2
)

ity

A

DOPPLER FREQUENCY (CPS)

RS

s

4
a

DOPPLER FREQUENCY (CPS)

TIME (SEC.)

Fig. 3b - Missilyzer Analysis of Clutter-Filtered
Zero-Frequency I-F (250 to 310 sec)

Notes: Dotted line represents computed missile frequency. Data repeats
every 180 cps starting at 0 cps. Moreover data folds over at 90 and hence

also at 270 cps.
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79 Office of Electronics, Room 301033, The Pentagen
- 1 Atta: Mr. J. J. Donovan

\; Commanding Gfficer, U. S. Army Signal Electronic Research Unit,

, 1 P. 0. Box 205, Mountain View, California

Chief of Ordience, U. S. Army,

= Yestdngton 25, D. C.

=3 1 Attn: Dr. Hudson

ijﬂ Headquarters, U. S. Air Force,

7 Office Asst. Chief of Staff, Washington 25, D. C.
E 1  Attn: Major A. T. Miller
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Comsander, U. S. Alr Force Camdbridge Res. Ctr.,
L. G. Hanscom Field, Bedford, Massachusetts

:‘i}\k,‘*f bk

3 1 Attn: Mr. P. Newman

"jg 1 Attn: ERD, Mr. T. Conley

: 1 Attn: GRI’ Mr. S. Bnmtz

H 1 Atin: Major Scott Sterling

b Commander, Rome Air Development Ceuter,

E Griffiss Air Force Base, New York

1 Attn: RALTT, Mr. F. Bradley

> 1 Atta: RCITS, Mr. T. Maggio

A

- Commander, Air Technical Intelligence Center,
E U. S. Alr Force, Wright-Pattersen AFB, Ohio
3’ 1 Attn: Dr. P. J. Overbo

E 1 Attn: Mr. Goff
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Headquarters, U. S. Air Force, Dept. of the Air Force,
1 Office for Atomic Energy DCS/O, Washington 25, D. C.

Headquarters, U. S. Air Force,
Washington 25, D. C.
5 1 Attn: AFDRD-GW

e Commarder, Air Force Office of Scientific Research,
e Washington 25, D. C.

5 1 Atin: Code SRY

& Headquarters, Offutt Air Force Base, Nebraska

1 (Strategic Air Command)

e S

Commander, Air Force Ballistic Missile Division,
Air Force Unit Post Office
1 Los Angeles 45, California
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Commander in Chief, Continental Air Defense Command,
Ent Air Force Base, Colorado
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! 1 Attn: CELC-SB
Electro-Physics Laboratories, ACF Electronics Division,
35 3355 - 52nd Avenue, Hyattsville, Maryland

Attn: Mr. W. T. Whelan

Stanford Electronics Laboratory, Stenford University,
Stanford, California
1 Attn: Dr. 0. G. Villard
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Raytheon Mfg. Co., Wayland Laboratory,
Waltham, Massachusetts
1 Attn: Mr. D. A. Hedlund

General Electric Company, Court Street, Syracuse, New York
1 Attn: Dr. G. H. Millman

Lockheed Aircraft Corp., Cslifornia Division,
Burbank, California
1 Attn: Mr. R. A, Bailey

Pilotless Aircraft Division, Boeing Airplane Co.,
Seattie 2k, Washington
1 Attn: Mr. F. S. Holmen

The Martin Company, Baltimore 3, Maryland
1 Attn: Dr. D. M. Sukhis

Redio Corp. of America, Aerospace Communications and Controls Division,
Burlington, Massachusetts
1 Attn: Mr. J. Robinovitz
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Mass. Institute of Technology, Lincoln Laboratories,
Box T3, Lexington 73, Massachusetts

1 Attn: Mr. J. H. Chisholm

1 Attn: Mr. Melvin Stone

The Pemnsylvania State University, University Park, Penna.
1 Attn: Mr. H. D. Rix

The Rand Corporation, 1700 Main Street,
Santa Monice, California
1 Attn: Dr. Cullen Creain

3 .-
A .

Bendix Systems Division, The Bendix Corporationm,
3300 Plymoutn Road, Ann Arbor, Michigan
1 Attn: Mr, C. M. Shaar (Associate Director of Engineering)

Smyth Research Associates, 3555 Aero Court,
San Diego 11, Califormia
X Attn: Mr, Steven Weisbrod

Commanding Officer, Scientiflic Liaison and Advisory Group,
Room 1B657, The Pentagon, Washington 25, D..C.
2 Attn: Mr. A. H. Frost

Convair Division of General Dynsmics, 3165 Pacific Coast Highway,
San Diego 12, California
1 Attn: Dr. Bomd

Stanford Research Institute, Menlo Park, California
1 Attn: Mr. R. Leadsbrand
1 Attn: Mr. W. R Vincent

Thompson Ramo-Wooldridge, Inc., Box 90534 Airport Statiom,.
Los Angeles, Californie
1 Attn: Technicai Information Services

Applied Physics Laboratories, Johns Hopkins University,
8621 Georgla Avenue, Silver Spring, Maryland
1 Attn: Mr. G. L. Seielstad (Navord 7386)
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Chief, Army Security Agency, Arlington Hall Stationm,
1 Arlington 12, Virginia

Commander, Air Force Systems Commend, USAF, ASD
Wright-Patterson Air Force Base, Ohio
1 Attn: ASNDCE, Mr. Wm. A. Dynes
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Airborne Instruments Laboratory, Melville, Long Island, New York

Attn: Mr. Scott Hall

Analytic Services, Inc., 5202 Leesburg Pike,
Alexandria, Virginia
Attn: Mr. Ray Timm

Commander, Ent Air Force Base, Colorado
Attn: LTCOL M. R. Cripe, Hq. NORAD, NPSD-R

Hq., U. S. Air Force, Washington 25, D. C.
Attn: LTCOL R. M. Cosel AFDRT
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MEMORANDUM
20 February 1997
Subj: Document Declassification

Ref: (1) Code 5309 Memorandum of 29 Jan. 1997
(2) Distribution Statements for Technical Publicatians
NRL/PJ/5230-95-293

Encl: {a) Code 5309 Mamorarndum of 29 Jan. 1997
(b) List of old Code 5320 Reports
(c) List of old Code 5320 Memorandum Reports

1. In Enclosure (a) it was recamended that the following reports be declassified,
four reports have been added to the original list:

2 A
Formgl: 5589, /5811 5824, 5825’ /5849 58621, 5875, 5881, 5903 5962}, 6015, 6079,
6148/ 6198" ;62727 63717 6476! /6479 6485 650776508 6568,/ 6590, 6611 6731, Y 6366,
7044/7051 7059 7350, 7428 7500, 7638 7655 Add7684 7692
AN / S S
Meroy/ 125171287, 1316/ 1422, ;—/1500 15277 537 /154071 567 1637, 1647,
1727, 1758, 1787 1789, /17907 V18117 1801 10237 1065V 19397 19817 21357 2624 2701,

2645‘/2721/ 2722, 2723 2766" Add 2265 '/2715 v
The recammended distribution statement for the these reports is: Approved for

public release; distribution is unlimited.

2. The above reports are included in the listings of enclosures (b) and (c) and
were selected because of familiarity with the contents. The rest of these docurents
very likely should receive the same treatment.

!

. M. Headrick
Code 5309
Copy': ) ; ) D fo
e 1221 —— N ST % (47
Code 5300
Code 5320

Code 5324



